Mechanical cues are powerful determinants of cell behavior. For instance, mechanical properties of the extracellular matrix direct neural stem cell fate, determining whether they differentiate along a neuronal or glial lineage. The molecular mechanisms linking matrix mechanics to intracellular signaling pathways that influence lineage choice remain unclear. Here we use a multi-disciplinary approach to uncover a new player in mechanosensitive lineage commitment. We find that the stretch-activated ion channel, Piezo1, generates a mechanically-induced ionic current in human neural stem/progenitor cells. In the absence of externally applied mechanical force, Piezo1 activity is elicited by cellular traction forces and manifests as spontaneous calcium transients that vary with substrate stiffness. Piezo1 knockdown evoked nuclear exclusion of the mechanoreactive transcriptional co-activator Yap, suggesting a downstream effector of channel activity. Suppression of Piezo1 activity by the pharmacological inhibitor GsMTx-4 or by siRNA-mediated knockdown reduced neurogenesis and enhanced astrogenesis, demonstrating a role for Piezo1 in neural stem cell fate. We propose that the mechanically-gated ion channel Piezo1 is an important determinant of mechanosensitive lineage choice in neural stem cells and that it may play similar roles in other multipotent stem cells. Mechanosensing plays a prominent role at focal adhesions (FAs), sites at which external forces are integrated into cellular signaling pathways, thereby deciding upon vital processes such as cell proliferation and differentiation. While an increasing number of FAs molecules has been recognized as force sensors, a force-sensitive enzyme that can ultimately translate force into gene expression levels, analogously to titin/twitchin kinases in muscle [1], has yet to be uncovered for FAs. We present results from molecular dynamics (MD) and biochemical network simulations that suggest focal adhesion kinase (FAK) as a mechano-sensing enzyme in FAs. An increased FAK activation in tensile-stress subjected cells has been observed previously, however, evidence of direct force-sensing by FAK, instead of upstream molecules, is lacking. We here show that tensile forces, propagating from the membrane through the PIP2 binding site of the FERM domain [2] and from the cytoskeleton-anchored FAT domain, activate FAK by relieving the occlusion of the central phosphorylation site of FAK (Tyr576/577) by the autoinhibitory FERM domain [3]. Extensive control simulations with varying loading rates, pulling directions and membrane PIP2 concentrations further corroborated the specific opening of the domain interface, due to its lower mechanical stability than both the mostly helical domains themselves and the membrane-PIP2-FERM link. We established a mechano-biochemical network model to connect forcedependent FAK kinetics based on extrapolated MD results to the expected downstream RasGTP concentrations. Our computational study provides direct evidence for a mechanosignalling role of FAK, by broadcasting force signals through Ras to the nucleus, with predictions directly testable by cell stretching experiments and single molecule force spectroscopy.
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HITS gGmbH, Heidelberg, Germany, 2 Interdisciplinary Center for Scientific Computing, Heidelberg, Germany. Mechanosensing plays a prominent role at focal adhesions (FAs), sites at which external forces are integrated into cellular signaling pathways, thereby deciding upon vital processes such as cell proliferation and differentiation. While an increasing number of FAs molecules has been recognized as force sensors, a force-sensitive enzyme that can ultimately translate force into gene expression levels, analogously to titin/twitchin kinases in muscle [1] , has yet to be uncovered for FAs. We present results from molecular dynamics (MD) and biochemical network simulations that suggest focal adhesion kinase (FAK) as a mechano-sensing enzyme in FAs. An increased FAK activation in tensile-stress subjected cells has been observed previously, however, evidence of direct force-sensing by FAK, instead of upstream molecules, is lacking. We here show that tensile forces, propagating from the membrane through the PIP2 binding site of the FERM domain [2] and from the cytoskeleton-anchored FAT domain, activate FAK by relieving the occlusion of the central phosphorylation site of FAK (Tyr576/577) by the autoinhibitory FERM domain [3] . Extensive control simulations with varying loading rates, pulling directions and membrane PIP2 concentrations further corroborated the specific opening of the domain interface, due to its lower mechanical stability than both the mostly helical domains themselves and the membrane-PIP2-FERM link. We established a mechano-biochemical network model to connect forcedependent FAK kinetics based on extrapolated MD results to the expected downstream RasGTP concentrations. Our computational study provides direct evidence for a mechanosignalling role of FAK, by broadcasting force signals through Ras to the nucleus, with predictions directly testable by cell stretching experiments and single molecule force spectroscopy. The auditory system is the most sensitive mechanosensory system known, able to detect movement down to atomic dimensions (Bialek. 1987. Annu. Rev. Biophys. Biophys. ). This sensitivity is at least partly attributed to the mechanisms associated with gating of hair cell mechanotransduction (MET) channels, where at rest approximately 50% of the channels are open, positioning the channels at the steepest part of their activation curve (Johnson et al. 2011 . Neuron 70, 1143 -1154 . Previously, a calcium-regulated adaptation process was thought to control the resting open probability of MET channels (Farris, Wells, and Ricci. 2006. J. Neurosci. 26: 12526-12536) . However, mammalian cochlear hair cell adaptation is not driven by calcium and low external calcium effects on resting open probability occur via an uncharacterized extracellular mechanism (Peng, Effertz, and Ricci. 2013. Neuron 80: 960-972) . Upon further characterization of the extracellular mechanism, we find that large radii divalent ions act similarly to calcium intimating a nonspecific divalent ion mechanism. We show that hair cell depolarization also increases the resting open probability, and acts through a similar mechanism as the external calcium. Finally, we find that GsMTx4, a purported lipid-mediated stretch-activated channel modifier, blocks both the voltage and the low external calcium effects on resting open probability with only a minor decrease in adaptation. These results suggest a new, probably lipid-mediated, mechanism of calcium modulation of the hair cell MET channel independent of adaptation. Additionally, these results suggest that auditory mechanotransduction channel may have similar mechanisms to other mechanically-sensitive ion channels. This work was supported by RO1 DC0003896 to AJR, F32 DC010975 and K99 DC013299 to AWP, and NIDCD Core Grant P30-44992. (Kawashima et al., 2011) . Mice that express only TMC1 or TMC2 have distinct single-channel conductances and calcium selectivity. A methionine-to-lysine substitution at position 412 in TMC1 reduces the single-channel current amplitude and calcium permeability of transduction (Pan et al., 2013) . These results suggest that TMCs participate as essential components of the sensory transduction channel in auditory and vestibular hair cells, but their exact role is not yet clear. They may form a vestibule at the mouth of the pore, the pore of the ion channel itself or both (Holt et al., 2014) . Alternatively, TMCs may function as non-essential accessory subunits (Beurg et al., 2014) . Progress toward understanding the structure and function of TMC proteins has been limited by the lack of homology to known genes or domains (Kurima et al., 2003) ; the low quantity of native protein (50-100 functional channels/cell); and poor membrane localization in heterologous cells. To circumvent these limitations, we combined electrophysiological recording with mutagenesis and cysteine modification in native hair cells. To probe TMC1 structure and function, mutant Tmc1 sequences were introduced, via viral transfection, into organotypic cultures harvested from Tmc1/Tmc2 doubly-deficient mice. We find that the mutant constructs restore sensitivity to hair bundle deflections in virally-transfected hair cells and that acute application of cysteine modification reagents alters the biophysical properties of sensory transduction within seconds. The data further support a direct role for TMC1 in sensory transduction in mammalian hair cells.
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Initiation of Asymmetric Rolling-Circle Plasmid Replication by RepD Studied using Magnetic Tweezers Algirdas Toleikis, Simone Kunzelmann, Gregory I. Mashanov, Martin R. Webb, Justin E. Molloy. MRC NIMR, London, United Kingdom. Bacterial plasmids, like the ones of T181 family, are replicated by an asymmetric rolling-circle mechanism. The replication is initiated by the protein, RepD, which binds to the origin of replication (oriD) on the plasmid and makes a single strand nick forming a covalent complex with the DNA ''plus-strand''. This enables the helicase, PcrA and the DNA polymerase, Pol-III to bind the short length of exposed single-stranded DNA allowing replication of the ''minus-strand'' to commence. In the final stage of DNA replication, RepD terminates the process by religating the two ends of the plus-strand leaving behind the, newly formed, double-stranded daughter 506a Wednesday, February 11, 2015 
